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(54) WHITE ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a white organic ^^^^^^^ 
electroluminescent element which is superior in luminous c^ .f. 

efficiency and service life. Kr 4^ r = "-•; :'*_ 

SOLUTION: The white organic electroluminescent 
element has an organic luminous layer 1 between an 
anode A and a cathode C. The white organic 
electroluminescent element is formed by laminating a 
transparent substrate 2 having a light diffusion part 8 
formed by light diffusion treatment on one surface and a 
transparent conductive film on the other surface, a hole 
transport layer 4; the organic luminous layer 1 of blue 
emission and yellow emission; an electron transport layer 
5, a metallic layer 6; and a conductive metal electrode 7. 
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[a* &m i ] 

3 ] 

AD^>ftii:fflnsAny>«tJM{T*&ci*»iit5iijii)a2Xtt3fcEtoa 

[B*:fcJg 5 ] 
CWsftJS 6 ] 

^MMtCct^X, l^Stl'^fiKbfel^^il©tfc*||t*WtJ:0 0 5eV^± 
[sS3fc3g 8 ] 

•W«$8ft«tt5gftifc^4 2 0-4 8 0 nm^fftDtli:, ^t^^S 5 2 0~5 8 0 n 

n^mmmtim^&mm 1 o- s C m 2 /v s^jio^^^e.^^cii^^.fr 

0] 

im&m i 2 ] 

{±*§8jgo^3. 7eV^_k<D, Al, Ag, Mg, In, Zn, Pb 

[st^Jl 13] 

'jus. < £l *bmnvki&mnM<Dmffi &{g.uy ? cvd w«s n<5g<rtj£ 3§c&£#ihi8s 



(3) 



IP 2004-63209 A 2004.2.26 



-a-s z iiiz ioTM^nfciT^s z ^^m^-r^mam 1 1 3 ov^-rn^fctB 

[stsfc^i 15] 

h ^h* d z. <nz<k-z> xmf8.znfrm-c& zzt <t-r zm&m 1 7!>m 
1 3 cD^-m&izmwxDm&mm^u? hujm*vt>xmT- a 
[w 1 6 ] 

[0 0 0 1] 

«*ffl/ty^7< h^I^ffiWi Steffi Vi-SCiCD^^^efe^aJlU^ h 
CUP 5 ^ y -fe >^ i^CMtS t> CDXifc ^> 0 
[0 0 0 2] 

77 7M^r^xyw> tS^ffl/t-^^h, MW^JK^iiffcfflViSns^ 
[0 0 0 3] 

mm^u? huju^^^-n>^m^^i&mf£xm^tT^z^\^ <-xhY> • 

TTjK^tltc (Appl. Phys. Lett., 51,12, 913 (1 9 8 7)).* 

UT^n^i^, mm^uz hn;R^^t>xifn 1 ov;M©<£«jEEx 

100-lOOOOOc d/m^Sft^SSffSoje^j&tRitB^jit, ^7fe^K^^^-r«> 

fflBjtg^ci:, uz&zmm^izmzn. m^mmzik0k&mz-Xim*<Dmmm0z<Dm 

[0 0 0 4] 

^©<t5^^0^T, RGBcD#^^^cD^aoiI/^ ho;p=^^-fe>x^fc^U 
[0 0 0 5] 

[0 0 0 6] 

wtt_tia<o^t3fl£^x?a: $ nfc *> ©x* u , OT$-?>^i;itifcaMix u & 

ho^5^«y-fe>X^I^*ti«-rsjii:*Beeifr*feOX*«.. 
[0 0 0 7] 

[bus * 8??&-r ^ (d 

«5fi3t«*<iBAx^j^^nsae*r«lxu^.hn;u^^.-/-fe>^5(i^c*3ViX, —^com 
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CO 0 0 8] 
[0 0 0 9] 

mmmmmcotii^mwitmmm o o. 5 e v^±^<r^x^^>z.h^^m^'r^ ! h 

[0 0 10] 

x & s c t. & <&m. <t -r s cd x * -5 o 

[0011] 
[0 0 12] 

So 

[0 0 13] 
[0 0 14] 

2 0 — 4 8 0 nmCD#fe^^lBt. ^Tfefeft 5 2 0 — 5 8 0 nmtf>^6$83te«<Z>4>fc: < <i: 
*> 2 IS^ 6 fc: § C £ *> CDT* S . 

[0 0 15] 

3c7tgt3£J£i9cDfgBJteu 111^ 1 75S 8 O^f n^t*VJT, H^I&jHS^m^f^fljgg 1 
0 - s c m 2 / V s )^±Of ^ i 5#t ttl> fe©T*5„ 

[0 0 16] 

mr^m^m 1 o cd^bj«, §t^m7?/S8<Dv>-rn^K*3^T\ m^^iiiji^, w^fg^ 
«tcifiv>fflj<z>«^^w»ag*s i o - s cm 2 /v s &,±<Dmm<k&!McDm R*st:i&t>igi 

[0 0 17] 

^fegf^Jll 1 CD^BJ^, gi^JglTiSl 0m**$*ftj&*Kl:&l,vr, -<^->^t5 

6 & S C <h &Wffi. <h -T ^ fc CD x a5 -5 o 
[0 0 18] 

^r^m^km 1 2 cd^bj«, m&m 1 75s 1 1 c^-rn^fevix, ft 

3WSfc*«3. 7 e VJ^Jict), Al, Ag, Mg, In, Zn, Pb, Bi £>j8fc£*l£>i> 
£c < <h — m <D * fc « * co ^ ^ £> & S £ <h £ # m t. T Z> cd X & -5 . 
[0 0 19] 

S^TcSitJicJl 1 3 CD^BJ^, gf>£Jg 1 1 2 <Z>lrifn*»fc:teV*X\ 4>£t< b. 

tffioSiii*fllfi^7X7C VD?*xf^sa$ns^i'b^mcDitihM^ c fcoXM5 «fc 5 fc u 

[0 0 2 0] 

^^M^J^ 1 4CDfgBJte, gf^Jg 1 TiS 1 3 <Z>Vif n*^d*5ViX, jg«JI33£4R<Z>^i£ifc&lJS 
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[0 0 2 1] 

-g> £ t k j: o x ^ $ n m x & ci t ^ # m t -r ^ © x & „ 

[0 0 2 2] 

*® \Z&mM U X^Kl^ttco & ^ ;/ U X A h £ 6BB I, d i &*HR £ T 2> fe CD X 

[0 0 2 3] 
[^HJCD^MCO^] 

[0 0 2 4] 

AcD^®(c7^-;^M^4<£^uxw^7ti» i *«ubt*£#cK:, ~z *>\z^<Dmm5&yt 

o;i/5^7t>X^ (tiELif) €r^^-r«.d<h^X#^)fecox$.D\ &9i&ttgg 
3XJBEfeSns»ffiAK:iE«ffi&, l»aiCfcft«JEE*HlUP'r-5t, IfiilS^bT 

^®d€>&CDX£><E>o dcD.t-5 (cW^^TtiB lTMLfc3tlt »W««JBI3^&^« 
HfiiA 2 UT^(-JR D ffi$n-5. dClX, #^*R!7fc« 1 ^^^^£fg5fcT 

<E>li^fefi§7t/S 1 b t^fe^^-r^^fe^Tt/B l adJffllsn&fcOtLTJgjSt-SCtK: 

[0 0 2 5] 

*«iffl^nfc^i£«aP8*«ta:ttx*s. n©jB9ia&K2 tun v_^ A ^ ?xt 
u # ^ ^ 7a: HcoMB^^ ^ x igsj y^^^p fate £&m^&^£ a*x* * 

"T D^f^xt^cofecDXaSoXfeckHo 
[0 0 2 6] 

aiftctoT> ^^M^Sco^Mt^^tcDP^co^-Mx^rSSt^n^dt^^X^j: 
< U K> , ^BJS^ 2 CD^®COTfeJ£t5rgU 8 5>^^iS < ^ D ffi-T Cl <h ^TfS fc<DX&^„ 
ft&ttfiB8©^— X£*8 0JK*iftx*2>£, +»«t3t«aL«ft*&#«, d ts^T*^ t£cd 
ISO ttS U^cOB^m^lRlJbco^mSrf#^> CI tdtjBI V< tzZ> 0 XMWcm 8 C0^\— XcOJbPMfiStt 

&«>CDX, 9 5%OTT'*S^t*tgSL/K 
[0 0 2 7] 

d<7>7fci£ifcgB8te, il 9 rtl;IJr$^l 9 tl^SMatJ 1 O^iLtift^t 
fefeCDX^^-r^dt^X^SfeCOXfeO, Si9tMSL^l 0 CDS^r^MtCcfcoX, 

mm 9 £ytffi.m.tt 1 o (D^^^oKM^mm^m-c^w-t. u x^ -a-s z. 

1ftSfcroT*5. dcD^JB 9 tlTtt, ^T«3tfc*fUXSI«tt*^rU, 5&^j8W3E«2 
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$>m,£mzfflmznfc^i>^ m^itT^vjumm. pet, ^^r->mm, >-v=i>mm 
ikfrytm^Ltt i oil ittt, ytwvL&ifitK* mmmtmrn 9 t>co-c*n«<j:< 

[0 0 2 8] 

<o3Eis^^uxBWk7!fS@ib$-er«>^t»c«tt?x, t—fcom zz^-cMj&'r 

[0 0 2 9] 

oT^t©fio#®T^if$ni. £ 2i&mib-z:'j>f3L< tz k> > stages 2 **e»3te&3&sf£ 

[0 0 3 0] 

«^2(^^®fcftUO#S<7)/S^^^-r^J:-5^bX i b £ t<, SfcSlSS2 <h 

0B8 ^^/^UTV^^feco^rffl^ ^^^ScDB^^figUfc^^^B^S^ 2 CDglffif^ifc 

C CD M # £: ^ tr t> CD T $> & o 
[0 0 3 1] 

ytmy£ftL<D$>z>7v x&zs— h 1 1 ^seibx^§. ^MMa&8^eifcDtH£n.2>^H:ffc 

fa$nfc«IStw*S<Z)^ r©«k^t^UXA'>-M lSB3fr5itK«t-3T, 3fc*K 
mBP8^6tH^7t«r-7°UXA->— h 1 1 T«3t tTIffii»fil*K»* ^ t^Tf * fcOT? 

[0 0 3 2] 

m\zmmmnm3*Mm.vtz.'&. i^ss 2 ^^©at-s ^ t tc ^ ^ t> muA&mmrr 
&&wmm,m3<Dmffi*mxWM-rz>&^\zv-c$>z>„ *lt, ^cd^mscd^^tk-^^ 

ffll&£TriJtet£-r S^i^rff fete?* v^-C, ^*"&tr»*S^J»«IBl3<75^®K(Si#Ufc^li 

x. mmmmm3\z^s—)ummm4, mmmytmi. n=Fmm.ms. igc^Mts^ 
mmmmm 3 <zHfc<pwi!st£*g- < lt, mmmmm 3 t*— jmsnssh 4 <hcDx^;p^— m 

</ > J; -5 T « O £W g; L ^ cd t? & 9 , W« J$8J & £ K «fc 3 & ©mx*tt/Jvfc 
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CO 0 3 3] 

H***««*fli<r>*JL£tft-C**. ii^Ph>ttLTH flltt. £tt. 'KB, U>g£ 
> H^fbTK^. 7y<b7K*», ^<b7K*lft, X«^ne,CD^-&^€:fflv^Ji<h3&^^ 

[0 0 3 4] 

Mmmnm3*m^mm-rz>jj&iii,-Tte. ±m<Dm<Dmmzmm&tiL2&m%Lmmmm 
*>®^^^ mmmmm 3 ott^re^*^ <"-r*3»**-i-^Kj«^-r* ^tttTta 

u-r^-5«fc-5(c-r^o^*u^ 0 aw#*jBt3*»«isufc^tettiBr*t, mmm 
—)vmmm 4 ^mmmytm 1 & s*i«w*03&«»* u ^ -bo-eab 0 , 1 mm&mm~rz> t 

•2>o 
CO 0 3 5] 

mttom&mmmnm 3 (Dmrnzmm-r^ z. *<bt*, mmmmm 3 <»mmrm 
cine, eon.- «, h^tn^U7-f^v^it W5 ^ cmcis^ 

CO 0 3 6] 

ditcckox. mmmnm3<Dmmiz, m&ttmm<Dmm£j&tit-rz>zL z\ 
nsft^mmwtv>mm<Dmm\*. 1 0 0 a^t^^^m^u^ m 

<**w«#»*«**en*t**. iwtiA*iifct*t, *t?St*c* 

CO 0 3 7] 

@ B ^^M3<D^®^$e,^^^>^«y^U>^j^g|- r ^( D ^ fSu ^ jg.^ 

Tcoi^t^^^yj >t?m~?mmisfrj£<DjiiZ7fr—}i,ifamm 4 ^tifg^i 1 & 
zvmmm&MmT&ziz^ &mmtimmmnm3ii<Dmm&&-ki,fz>z\£&-e& m 

^ y££R*fc«fc;rr5fc©£m>§c: HfltWfctt, 2- (3 4l^y 

>->^>, N-2- (75/IfJW 3-7$/ya^hU^h^yy7X N-2- 

(T$yx^;u) 3-7$;yotfWf^h+y7>, 3-7 = y^ntrjUMJx 
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•>5>**;^U >^JM3S«, ^i_hlB>"7>^^^ p U >^JcD^^>£:i§BJ3ig^flg3 cd 
[0 0 3 8] 

J:f3<£cfc5KMBJ§^mM3CD^®£&MSt-^K:, ^BJ^«M3c^^®^/\o^ 
>T?MSbT, ^BJ^«M3cD^®(c/\Dy>^-g-W-r^>®<£^^-r^>cl £K:<fc^T\ 
I^m!gl3 CD{±^|l5^^*#<T^££#t^£fcCDX&D. l^@A^^f^-r^>MHJ#^ 

CDT?£>^o 
[0 0 3 9] 

siBj^«m3<DMs^fflVi«,/No^>i:bx«. ^^m, a^t, Mm. svm&mtf&z. 

izmizmm-z t>vrz.K)^rz>jj&k, t^^<D/\ay>izmm^^2 ^m^mmmmi^tzmiz^ 
m-r^m. ^ti^>^^\zmm&U2^m^mmm-r^m, /nd^>#xcd#;sett^ 

[0 0 4 0] 

^bjs«m 3 coft*^^^^:^ < T&fc&izmmm&ftfji^m&te, mmmmm 3 <d^® 

^bj#«^ 3 (D^tmmmzfti ^m^^-^ z. t. &u < , ^tt-j: ^ ^ >^^nm 
mx.v£i z oteE&mmmmms \zm^tz.m^\z^, ffim<DVkm&5zwzi±z> z. ttmm 
\zfcz>*b<D~T:$>z> e ^tz. mmmm^3&/\uy>^&m\^^Mwmnm3<Dmmiz/\u 
^>mt5is^tfc» > z\(D±\z^m^ytm 3m*Mi&~rz> z ^-v^z^cd 
~c&k>. mmmmms^/\u^>^^mvrz.mz7^mmmm\z^^m^^m^>^ 
«e^x> iBj#t)i3 ^;\ny>Tiatm 7k j $>mmmmiz^z>m&& : i : ffe 
*D-f\z. ^(D±.\zmm^Km3m&mfm-&m±&nte~D~r:mm^\/'7 hn^5^ 7 .t> 
^f^iiit^^faoT, &mmmm3<Dmmzmmmmt£E\z^&m&fcmm<D 
mntimz* z t. &m'Mt-rz> z. tare ^bj^«m 3 ^±*@i^^^:^ < -r-s^m^i^ 

[0 0 4 1] 

^^^<t5(ca5fcoT, *^Bj-e^ % ^Bj^fii^ 3 <Dmmcoi±mm^mmm(Di±mm 

^ctO^O. 5 e VK±^<^oT^5u^ItL^. MBJ^tt/gl 3 <Di±mM$k& 0 
. 5eVK±^cf </ c £oTWj:Hi > IMA^^T^ MBJ!*Mflll 3 <DttmMWt&jz& < 
•TZ> Z. <h d T*- ;i/CDaA^^ri«d6 %>®%:&^3tftlzfj: K> > 3^ig®jmEECD{gf||/£ 
-fbC0S^$:+^{cBJ5feT^ Z. <t^X#^^o @bj#^|^ 3 CDfr^|l3f&«A-i^t3;£Mi; U 

t' c fcoXMB^mm3CDf±*M^c^^:#<-r^>ci<irfc«PM^'fe«>coT 5 , <±mm$k$:*:m 

[0 0 4 2] 

i^®A^^-r^^Bjz^^3 ti^^^^-^^aA-r^fe^oftts-zr^D, {±*gg^ 

<^-5>££;W£U<, f±^P^C^ 4 e V^Jh(DfeCD^fflV^CD^J;Vi 0 CCD J: 5 frjgBJ^ 
«fl^3C0^<hbX^:#:^J^«> &&<j£cD^Jg, Cul, I TO (BMfc-f >^^A«) , 
Sn0 2 , ZnO, I Z O ■ (BKt-f >>^ AIH)) ^co#mi4^Bj^^^^tf § £ 
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u > tfmmommz & v mmzmfc-tz, z^z^-o xf^it?. z. ^ z> % <?>x& o 
*«><dx&*. mwmmm3<Dmmiz, ^mmm^^-bi&mm<DW^±m(D^^\zm 

WT&ftiblZ* ttmz&vmtezi,^ 5 0 0nmKT, ^Kttl 0-2 0 OnmCte 
[0 0 4 3] 

n -tfx (3-^^^^-;p) - (i, i- -tf^i-jio -4, 4' -v>T = > ( 
TPD) -^4, 4' -IfX [N — (^-^^JW -N-^^-;P-T$y] (a 
-NPD) ^©^§J^7*>fl~&<KK ttW7\T—)V bVTV—JU 

5^y-;K *'J7'J-;i/7MX 4, 4' , 4" -hUX (N- (3- 

*zF)V7^-)» N-^ai-;UT$y) H'J7i^7$> (m-MTDATA) , 

^Utf-;p^;w^y-;K #U->^>, #Uifi/>^w k^ 7 x> (pedo 

o 

[0 0 4 4] 

s?x>, i/vux k- x ^>>/wjx tfxx^u;K ~>^a^ 

-8-*yjt-h) 7;r-7A^ 75y+/u>^s^#, ^>i/^yu>&jg 

fcHfr^MJ- (p-^-7iz;i,-4-'r;P) 7S>, l-T'J— ;p-2, 5-^ (2- 

F— fc?>^*m2:0. 5-1 0Sfi^tfJ;-5(c-r^>Ci:fe$f*U»,^ W^^M 3 (Dm 
^-^0. 5-5 0 0 nm. SCJftKttO. 5 ~ 2 0 0 nm ttS feOT*§. 
[0 0 4 5] 

tf — 9 m&ifi 420~480n m<£>$gffl A «9 , Htfe^3fc» 1 a CDfg^&Ste tf — ^ j£g 
^5 2 0-5 8 0 nm<3|$gflKA£<k3fcT*®a*8P3;U<. Wfefg^JP 1 bttfe^ 

[0 0 4 6] 

&fr\z^mmizttisxmntzm^&xMm&&T&%<Dfim^ztiz> 0 -euxm 1 
jfio^sexe, m^mmm 5 &mT&mmfr io- s cm 2 /v s &,±(Dmm^mz^ 
oT-iMi;MiT^4„ i»ffic*^«^«i3iiH5»caA$nfc«^*, m^&mm 
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mz&nfz&mm%-?£ytm^&nz> z. *>w&z> 0 m^mmm 5 

fciKD^Xfrb 1 0 2 cm 2 /'V s^^M_hO_h|5@T ! ^-5o 
[0 0 4 7] 

s&B2o*B®»iTii, m^$&MJs 5 mmmytm 1 fcjfiirJ«o*w»flE«s 1 0 

- s cm 2 /Vs^±Ofi^tl®l5 at. tt«CfcifiV>flM>#9;*(B»jftae>8*8 0 

as-r a* Rifle te&sfe iictttsis To&j&tfcr&mmit&mcDji^ 

^£2 0 O'Ca^^M-bOJbRB-e^S. 
[0 0 48] 

^-UX^co-/g^^cDf|^«5^ia 5 fcr&oT, Wttl^^JB 1 OfiflODJB 5 a fcMT^S&flea* 
1 0 - 5 cm 2 /V s KiO^i^tlTM^nT^?,©!:, «^<£^sfs&< MW^^t 

£?£lx<, JiRBflStt#^88:3£^n^t»^ A^<D^fgt£&:<Jf<D3x.^6 1 0 2 cm 2 /V 
[0 0 4 9] 

£ eicjifBo/B 5 a, 5 h^^u^-mm^zcom^-mmm 5\z^oi^~z:, m^co&A^^D 
x — xtcfT^c ^ $6 m^&wi&tfti o - s cm 2 /v s ^-h^^m^t^^jo^m^-m. 

mtl (EA:Electron Affinity)**, 8 CCI^JiCD 

i:a^OI*M-BI§/hS < "T^ H t^ST**. ^UX«^^iHg 5 £Mflg£*i 
tfc-^©l5a, 5bl?Mm^ l@CtSMil©l5 a ^^^-r^m^^»;S 
0 - 5 c m 2 / V s K±©tif^|)©M|p^S > l®C©ffl©l 5 b*J£js3rr 

*^7^te»ea«a«8 or^j^^iiHb^jcDit^^q^j; r> «b/h$-<-r*c:ttc:«fcox 

, 0 3 t^t J: 5 ti® C tl^ll 5 iKD%m\Z&VtZ>3L*)Vif— fll*/h$<t5 
[0 0 5 0] 

TPBi (2, 2', 2" - (1, 3, 5 -^>if> MJ;U) h'J7- tl-7i-;i/- 
[0 0 5 1] 

8-*;Ut-h) 7-^5 t^^7y-;Wk^, y7f'Jjl,7U-U> 

«>D— ;wb£-4fc, 2, 2', 2"- (i, 3, 5-^>-tf>hU;i/) MJX- [ 

1 -7xz;p- i H-^>^y-r s^y— ;u] (tpbd teafr*>mit£tiz> imsA-t<Dib 
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[0 0 5 2] 

#*3. 7 e VK±O^^fj:5fcOT*§ 0 
[0 0 5 3] 

cut?, ^mgi. 5 &\^<D&m>&X)Uz>&mM e^m^mms £8rr<s>j^Ki 
mT&ii, -e<z>— mtfinrj-mam 5 ^(c^^fc&MbjLom^^^ 5 mm^w^m 

^xf*£<£»x&<5>. ^<Dn^&mm5iimmvrc&mm6&mi&Tz>&mte. n^m&m 

SAj^TX&SCl.h/^SfX&^o -f *->¥Stt'h£V>e*F3:U<, #f'TPS«^^n 

*s^\ A^opjtg^^cD-5^^ffljt{ao. 5 As«a*TiST?*«&. *fcc<D^«t 

ec^^ft^-rS^tLTH Na, K> Rb, Mg, Ca, Ba^6&*7MiJ 
^IXtt7^'J±I^I, *5^ttSm, Eu, Ce, Yb, P r UZi<?)%?±M<&mfr 

[0 0 5 4] 

MtUXte. AK Ag, Mg, In, Zn, Pb> B i e>jgte;n-g> feco^rffl d t 
a*X€rS*>©X&tK ^n^©&^f, lffi&^^te^^®<D^^£^jRbX<£ffl-r<5C 
<h£*X €T -5 =b CDX& -£>» 
[0 0 5 5] 

l^@C<£_hI2cD e i:5{c-r^->^i. 5A^T<Z>&««fc9fc:S^JR»6<>:, tt*M^^ 3 
. 7 e V4^J2©ife««fcDte**«te^JRM7 t^^M^itiaot, iS53&^X#J 
JW»3^ttfc«tiifc:#«x.l^ hn;i^^-yir>X?!t^£t#^£<h^X#^fc<DX&^o 

H^ft&MIP5 t^tT^te.n§^t>^l. 5AjaT<BStJR<fcDfc:<5£« 
/S6cdM/»«0. 1-1 OnmtK^tS^WttK 5 &&V*IM 

■T^xh, -ft>¥8l. 5 A«T©£«tt««Xifc 5 *j®^.xl£» 

>mmi. 5 Aj^To^Sct Qfcz&mmGomm&i o nra$i^t, -r^->^i 

. 5 A^T<D^P^m^M«5ej©^.Xl£«S[-rs*3^n^Kj, O. lnm^iO^ 
[0 0 5 6] 

. ffSKttl 0 0~2 0 0 nm«ttitt5O*J«kK *fc|£ffiC £&JS(Daarxjgj£ 
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*m j t<D{tb<D&mtttii£mfr?&. mm. ^n?*, cvd, y^xvi^, 

[0 0 5 7] 

h^mmc<Dmm^mt>^t>izm±mi 2^ux*s. s 1 sona 2 <Dmm<Dm 
c<DmmTz>mm&m.5 <t 5 fc^itm 1 2 &mrtx&z>o z\<Dm±m 1 2 tezR^-t&fst^ 

frfc: "5 itihffil 1 2 <Z>j&ff W=««;£n*'bC!rcttfc:V>a«, 0 Ol- 

lO 0 u.m<Dm.mizm7£-?z><Dfiw&is^ 0 

[0 0 5 8] 
[0 0 5 9] 

mmm 1 ) 

/P^-O. 7mm(D^7X©PMI(2©^I(:, I TO H >y^A-xxlfti) £X 
/ty^U >^bty- higfet7 G/DOMJUMMS* 3 3r^/£b7c I TOI^Sft 

[0 0 6 0] 

-eux, ^oitoihm«2^tk (mmit^ cm §g> mmi. 011%) ©im 

4. 8 0eV^£>5. 72eVAtO. 92eVl|jPt&, 
[0 0 6 1] 

&.\z. zwMmizjz&tQim&vtc i Tomwmm2&m&T&z\izte<mQmmmmiz-b: 

vbV. 133. 322X10- s Pa (lX10-«Torr) (DMQgkftT. 4 4 
-feTX [N- -N-7x-f-7$7] t*7x-Jl, (a-NPD) ( («c 

) mtm&ommM) 1-21/301^^1,, »*4ooAo*-;mi 

[0 0 6 2] 

t}n— ;^jH«4cd^®{^ ^-x^u;Ptft7ai— tdpvb ij {c ou^fu 

>J (7?07ttl) £0. 511% H-7*bfe)?*5 0 Aotfi^i 1 a m^tW.^ 
5 6 0 nm) )V\d~7 a^-)Vmmfc TDPVBij 

ttSDSARifr TBCZVBij & 4 F — ^Ufcff* 3 0 0 A<?D#-fefg^JB 1 

b (I«ft4 6 0 nm) ^IfbTill, tWl 1 ^l^Ufc, 
[0 0 6 3] 

miO 4 cm 2 /Vs) $10 0AWeifU m^it®5^^^Ufe 0 
[0 0 6 4] 

l^llSCgiSI:, SfNa 1. 16A) '^5AittT 

£rMJg 6 SfcHT, Al (tt*FM*4. 2eV) ^ 1 0 A/ s ©If ltTI¥» 

1 5 0 OAif UT«fMSii.7$Mt5C<!:l: < J;oT, 6 
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CO 0 6 5] 

— ^^/^7,T^fC*5ViXJii2cD#jl 1 — 6 I TOjgBJ!^|£2 td#fjh««rv — )V 

[0 0 6 6] 

[0 0 6 7] 

(^JS0»J2) 

^SS^Jl tl^i; I TO^BJSM2^m^7K^ (PH<1, SI6 0~6 1S1%) 00^ 

^uc^?st*i o^p B i j$e-r^<h{3 c t^x> mmmmm3<Dm^^mmmvr^ z.<d^?\z 
Mwmnm3<Dmm&mmmTz>z\^iz<£-DT, mmmmm3<Dmm<D{±mmmz4. 8 

70eV^0. 9 0 e ViS#q Vfz 0 -e UT£lC£>^#lS£r Ufe I T OjgBJ! 

[0 0 6 8] 

(§HJS0iJ 3 ) 

^mm^tm 1 commiz. /ty7it>hnij> ( (#o uti^w^efs : n^&mm. 1 
^yjt-h) t;ps— ( oho mcjksmvmm : t s >8 ot:) ^soa 

[0 0 6 9] 

<*J60!I 4 ) 

^'JXAy- hll (ttSXU-lA (tfc) M TTh i nBEFj , m*>~ 6 5 /am) £2 

m iz mm u xsae-r z> -5 \z v . 

[0 0 7 0] 

JifBcD^iS^J l~4TffILfcaMiXl/i7 hD^5^7t>Xi^H (KEYT 
HLEY2 3 6^) t^UTM^it, HS> (TOPCOMftg T 

BM5AJ ) TTSiJ^Ufeo $fcaMiXl/^hDJ|,5^7t>X^^|!]i)B|gl 0 0 

[0 0 7 1] 

[Si] 





4. 5vut » a? 
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1600cd/cm* 


(0. 30,0. 35) 


1200B#fW 




1550cd/cm 2 


(0.30,0.35) 


1200B#W 


mm&\3 


1400cd/cm 2 


(0.31,0.36) 


1500B#W 


mmm4 


2050cd/cm 2 


(0.31,0.39) 


2000B#flfJ 
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[0 0 7 2] 

zftfimwrntii <t &m. t <Dm<D&m-c±5Lm £ n& z. t *ymm.^<Dytm$mmz <£ o x 

Md6x^^<-rs £ £#sx#, *teJ£fR«to> < ifc 9 tts-r <h^x^-£> feco-eafe 

ffi^^itx^^^i^<f#^,d^^-e#^fecoT?*^ 0 

[0 0 7 3] 

m<D&fe&&&m^m&£mz&mm±&mtinz-z> z. 

[0 0 7 4] 

MB^^*McDtt*|C^:^Stfr J; D 0 . 5 e v^Ji*# < &:oXV>s *><Z)x&£,cdxv &g 
[0 0 7 5] 
[0 0 7 6] 

Xt^<g><DX\ ^f'cfc§mSX^^^t#fife-r«,^Bj^®^cDti:*K^^^:^<-r^>cl<i:^X 

it* ~pJmizTZ> Z. <h#*X^«> t>09X£> D , £ <b ^^^iKK/BtcD^^^tt^-feSO^^^^ 
Bfe#X#^» ^^^JSiaiiAM^ifli^.^ d <h#sx^-5» fecDXafe-So 
[0 0 7 7] 

^fei»^6<D^Bj«, it^3i5 fc*5v^x, mmmiz^^T, mmmmzmm.vr^mmm 
mm(D{±mmmf)mmm <t d o . 5 e vj^jt*^<&:oxv^fcwx&<5<7Dx\ 

[0 0 7 8] 

^fe!i^^7(D^BJ«, lt^^5X«6(C*3ViX> h>^-C 

^cdx, Mco{±^K^Sr^:#<-r«>^)m^i^<f#^c^^x^^ : b(DX^S 0 
[0 0 7 9] 

2 0 — 4 8 0 nmOffe^Ii, fg5feiffcft 5 2 0 — 5 8 0 nm®ffeMi<Z)'M< <h 
[0 0 8 0] 

^Lxf^j±$-i±^>^t^x^> myt¥fmzmnK.mm^u? bu)v^^^±.>7,m^^n 

Z> Z\ <h^X^-g) feOX&^o 
[0 0 8 1] 
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m\zm^m<Dn^&mm& io- 5 cmvv s w±ottS{b^oni:, Bjsteiftmw 

CO 0 8 2] 
[0 0 8 3] 

mM&&3. 7eV^_h09, Al, Ag, Mg, In, Zn, Pb, B i frZM&n&'J* 
[0 0 8 4] 

c vvt£T?ftMtsnz>&<tmm<DM±m\z -cm? ^z>\zv 
m&m<. ^nfr^*v^>*m^<n^ytwm&mmmizm^^&fev-zm%f 

[0 0 8 5] 
[0 0 8 6] 

^fegf 1 5 CD^B^^, gf^<Jg 1 71/35 1 3 <D^~m^\Z^^X . iBJS^O^lifctfflS 
[0 0 8 7] 

[si] &mfm<Dmm<DMM<D— m&^-rm.immmm-c&2>. 

[0 3] ^©^©tt^^^^^MP^-JgcD^CDm^^^t©^^^ 

A 
C 

i mms&ytm 

2 

3 mmmmm 

5 tl^fgiiMJB 

6 &mm 
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